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Abstract. Polychlorinated biphenyls (PCBs) are persistent organic pollutants (POPs) banned 
under the Stockholm Convention. Because soil represents an important reservoir for PCBs in the 
terrestrial environment it is important to monitor the levels of the contaminants deposited to the 
surface soil, especially in the case of sensitive areas. Six indicator and 11 dioxin-like PCBs were 
analyzed in surface soil from two counties in Transylvania region, Romania. For the identification and 
quantification of these contaminants the method used followed the Romanian standard SR ISO 
10382/2007. Concentrations of indicator PCBs in the two sites were 1.19 ng/g dw in soil samples from 
S1 and 4.05 ng/g dw in soil samples from S2. Regarding dioxin-like PCBs concentrations in the two 
sites the TEQ values were 0.03 and 0.01 ng TEQ/g dw. Levels of PCBs varied between and within 
sites. Concentrations of PCBs obtained in this study are comparable with other PCBs levels from 
Romanian regions. 
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INTRODUCTION 
 
Polychlorinated biphenyls (PCBs) are included in the list of the 12 “Dirty Dozen” 
persistent organic pollutants banned under the Stockholm Convention starting from 2001. 
From the group of 209 theoretical possible PCBs congeners only a smaller number, less than 
10% of the total, have been reported having toxicological effects like dioxins so they are also 
called dioxin-like PCBs and were assigned toxic equivalency factors (TEF). Even if some of 
the dioxin-like PCBs have a TEF value of only 0.0001, they may still be of concern as they 
are present in much larger amounts as dioxins (Schecter et. al., 2006). 
PCBs are semi-volatile, non-polar, highly lipophilic and persistent environmental 
pollutants that have a high tendency to bioaccumulate in different ecosystems (Vasilic et. al., 
2004, Zhao et. al., 2006). Commercial PCBs mixtures, used as dielectric fluids, flame 
retardants and industrial lubricant fluids, were produced until late 1970s and after, because of 
their potential health effects on a wide variety of biota, including humans, their production 
was ceased (Vasilic et. al., 2004). 
Like dioxins, PCB residues are ubiquitous environmental contaminants that were 
identified in air, water, soil, sediment, food, feed and biota samples. Due to the long-distance 
transport via air and water circulation PCB residues have been identified far from emission 
sites or in remote areas like Antarctica, Subarctic Finland or European high mountain regions, 
where they were never produced (Vasilic et. al., 2004; Kallenborn R., 2006). Even if air 
represents the dominant medium of global transport and the site of important degradation loss, 
soil and sediment are important reservoirs of PCBs globally, and vegetation acts as an 
efficient scavenging medium from the atmosphere and as a major vector of PCB into 
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terrestrial food chain (Tato et. al., 2011). There have been many studies on the transport of 
PCBs from air to soil, soil to biota, especially in the agricultural food chain showing that soil 
has acted as a significant repository of PCBs initially absorbing the contaminates from the 
atmosphere during periods of increased discharge and then releasing it slowly back to the 
atmosphere during a later period of reduced discharge (Backe et. al., 2004, Zhao et. al., 2006). 
Until 2000 most of the data available focused on the concentration of organochlorine 
pesticide (OCPs) in environmental and food samples. According to Hura in 1995, the mean 
levels of OCP residues in food from Eastern Romania varied between 2.1 and 2.8 µg/kg for 
the ∑ HCH. Since 2001 data on PCBs concentration in environmental samples from Romania 
are available, but these do not cover all the regions of the country. Analysis of PCB 
concentrations in soil and sediment samples have been done on samples from industrialized 
and remote areas in Eastern, Western and Southern Romania (Covaci et. al., 2001, 2003, 
Dragan et. al., 2006).  
The aim of this paper work was to investigate the levels and patterns of PCBs in 
surface soils collected from a mountain and a hill region located in two counties from 
Transylvania, Romania. A number of 6 marker PCBs and 11 dioxin-like PCBs were identified 
and quantified using a GC/ECD system. 
 
MATERIALS AND METHODS 
 
1. Sample collection 
Soil samples were collected in the summer of 2010 from grazing pastures located in 
Alba (S1) and Salaj (S2) County. At each sampling site was established a square of 3m x 3m 
and the corners and center were marked with pin flags, this represented the sampling point. 
Each site had two sampling points. After the groundcover, consisting of grass, other 
vegetation, or rocks/pebbles, was removed, soil samples were collected from the marked spots 
using a slide hammer. The slide hammer was driven into the soil to a depth of 10 cm.  
The five sub-samples formed one composite sample so that from each site were 
collected composite samples from a depth of 0 to 5 cm and 5 to 10 cm. Soil samples were 
labeled and transported to the laboratory in a cooler box where they were stored at -180C until 
analysis. 
2. Analytical procedure 
All solvents and adsorbents used were pesticide grade or equivalent. A number of 17 
PCB congeners were analyzed, from which six were marker PCBs with the IUPAC numbers 
28, 52, 101, 138, 153, 180 and the rest were dioxin-like PCBs: three non-otho PCBs with the 
IUPAC numbers 77, 126, 169 and eight mono-otho PCBs with the IUPAC number 105, 114, 
118, 123, 156, 157, 167, 189. 
Soil samples were placed on a hexane-rinsed aluminum foil and air dried at room 
temperature for 48 h. During drying, they were covered with soft paper tissue to minimize 
sample contamination from indoor air. Before analysis, the samples were sieved through a 
<1mm sieve. Soil water content was also determined using the method described by (Backe 
et. al., 2004). In summary, samples were dried in an oven at 1050C for 48 h until a constant 
weight. 
PCBs concentration in soil samples were analyzed by GC-ECD following the 
Romanian standard SR ISO 10382/2007. Briefly, 20 g soil sample were extracted three times 
with solvent using a magnetic stirrer; first with 50 mL acetone for 15 min and than 2 x 50 mL 
of petroleum benzine. The organic layers were united in a separatory funnel and washed 2 
times with 500 mL reagent water discarding always the non-organic layer. After this the 
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extracts were dried over anhydrous sodium sulfate and reduced to 1 mL by rotary evaporation. 
PCB 209 with a concentration of 0.02 µg/mL was used as internal standard.  
Purification was done on a 5 mL column filled with glass wool and 2 g of neutral 
alumina. The 1 mL extract was transferred on the column and the round-bottom flask was 
washed 2 x 1 mL petroleum benzine. The retained compounds on the column were eluted with 
20 mL petroleum benzene and the purified sample was concentrated to a volume of 0.5 mL 
and transferred to a 1,7 mL vial. From the final volume 1 µL was injected in a Varian 450-GC 
fitted with a CP-Sil 8CB column for PCB (50 m long, 0.25 mm i.d. and 0.25 µm film 
thickness) and as detector was used an 63Ni electron capture detector (ECD). The carrier gas 
was He (1 mL/min) and the make-up gas was N2 (25 mL/min). The injector and detector 
temperatures were 260 0C and 300 0C, respectively. The oven temperature program was: start 
at 130 0C (2 min hold), increasing to 290 0C with 2.5 0C/min (5 min hold), total time 71 min. 
 
RESULTS AND DISCUSSION 
 
Mean, SD, maximum and minimum ranges were calculated by eliminating the not 
detected (n.d.) measurements. Tables 1 and 3 present the concentrations of 6 indicator PCBs 
and dioxin-like PCBs obtained in soil samples from the two sampling sites. The 
concentrations were reported on a dry weight basis. 
Table 2 presents the Romanian values for the six indicator PCBs and for one dioxin-
like PCB (PCB 118). Indicator PCBs were found in all analyzed samples.  
Tab. 1 
Concentration of 6 indicator PCBs in soil samples from pasture areas (ng/g dw) 
 
S1 S2 Compound 
Mean ± SD Range Frequency 
(n = 4) 
Mean ± SD Range Frequency 
(n = 4) 
PCB 28 0.22±0.15 0.09 – 0.43 4 0.20±0.21 0.03 – 0.49 4 
PCB 52 0.46±0.53 n.d. – 1.07 3 0.19±0.14 n.d. – 0.30 3 
PCB 101 0.17±0.17 0.06 – 0.43 4 0.16±0.09 0.03 – 0.25 4 
PCB 138 0.41±0.57 n.d. – 1.06 3 3.11±2.57 n.d. – 4.77 3 
PCB 153 0.22 - 1 1.69±0.20 n.d. – 1.83 2 
PCB 180 0.37 - 1 0.51±0.40 n.d. – 0.79 3 
Sum PCBs 1.19±0.92   4.05±4.01   
S1 – Alba County 
S2 – Salaj County 
n.d. – not detected 
Tab. 2 
Romanian reference values (ng/g dw) for alert and intervention levels for PCBs in soil  
(Covaci et. al., 2003) 
 
Alert levels Intervention levels Compound Normal 
values Sensitive Less sensitive Sensitive Less sensitive 
PCB 28 <0.1 2 10 10 50 
PCB 52 <0.1 2 10 10 50 
PCB 101 <0.4 10 40 40 200 
PCB 118 <0.4 10 40 40 200 
PCB 138 <0.4 10 40 40 200 
PCB 153 <0.4 10 40 40 200 
PCB 180 <0.4 10 40 40 200 
Total PCBs <10 250 1000 1000 5000 
Alert level - determines a supplementary monitoring and reduction of these pollutants  
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Intervention level – determines actions to be taken (soil cleaning, restricted access, etc)   
Uses:  
*Sensitive: residential and agricultural areas, playing fields, parks, protected areas, sanitary zones under 
restriction regime  
**Less sensitive: industrial and commercial land uses 
 
PCB 28, 52 and 138 concentrations from site S1 exceeded the normal values, but not 
the alert and interval values. For S2 the situation was different except for two PCBs, 52 and 
101, all the other mean values exceeded the normal levels but not the alert and intervention 
limits. Only PCB 28 and 101 were identified in all samples from the two sites. 
Backe et. al. (2004) reported in their study concentration of 4.5 and 3.7 ng/g dw for the 
sum of five indicator PCBs in samples from rural and grassy lands which are closer to the 
levels found in this study (4.05 ng/g dw from S2). 
Tab. 3 
Dioxin-like PCBs concentration in soil samples from pasture areas (ng/g dw) 
 
S1 S2 Compound 
Mean ± SD Range Frequency 
(n = 4) 
Mean ± SD Range Frequency 
(n = 4) 
PCB 77 n.d. - - 1.37±1.33 0.02 – 2.67 3 
PCB 105 0.24 - 1 1.86±0.68 1.38 – 2.34 2 
PCB 114 0.07±0.06 0.01 – 0.14 3 0.48±0.40 0.08 – 1.00 4 
PCB 118 0.23±0.28 0.06 – 0.55 3 0.66±0.48 0.28 – 1.20 3 
PCB 123 n.d. - - 0.68±0.22 0.53 – 0.84 2 
PCB 126 1.09 - 1 1.30±0.97 0.25 – 2.17 3 
PCB 156 0.14 - 1 1.53±0.47 1.19 – 1.86 2 
PCB 157 0.61 - 1 1.72±0.76 1.18 – 2.25 2 
PCB 167 0.68 - 1 0.69±0.28 0.49 – 0.89 2 
PCB 169 0.96 - 1 0.52 - 1 
PCB 189 n.d. - - 0.05 - 1 
Sum dl-PCBs 1.18±2.15   6.35±6.82   
WHO-TEQ 0.03   0.10   
S1 – Alba County 
S2 – Salaj County 
n.d. – not detected 
TEQ – Toxic Equivalent Quantities calculated using the Toxic Equivalent Factors established by the 
WHO in 1998. 
 
The situation for dioxin-like PCBs is different compared to the indicator PCBs. From 
this class of compounds only PCB 114 was identified in all samples from S2 location with a 
mean concentration of 0.48 ng/g dw, while PCB 114 and 118 had a frequency of 3 for S1. 
PCB 77, 123 and 189 were not found in samples from site S1, but were found in site S2 where 
PCB 77 had a concentration of 1.37 ng/g dw. According to the Romanian references standards 
for PCB 118, levels exceeded the normal values in samples from site S2 (0.66 ng/g dw), but 
not the alert and intervention limits. 
Samples from site S1 presented a much lower concentration of dioxin-like PCBs than 
those collected from S2. The big differences between the two sites can be explained by the 
fact that S1 is located in a high altitudinal mountain region that has grazing pasture 
surrounded by forest, while S2 is located at the exit of a small village that uses this location as 
a grazing pasture and also for different social activities. 
Using the Toxic Equivalent Factors established by the World Health Organization in 
1998, for the dioxin-like compounds were calculated the TEQ values, so the TEQ levels from 
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S1 were much lower than those from S2, 0.03 ng PCB-TEQ/g dw and 0.1 ng PCB-TEQ/g dw, 
respectively. 
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Fig. 1. Concentration and distribution of PCBs in soil samples collected from different depths. Mean values 
expressed in ng/g dw. Bars denote the standard deviation from the mean. 
 
The PCB pattern in soil samples from different depths, 0 – 5 and 5 – 10 cm, are 
presented in Figure 1. In this distribution graphic PCB concentrations that were identified 
only in one sample were excluded and only the means of at least two samples were used to 
calculate the means and standard deviations. As shown in Fig. 1 there were differences 
regarding the concentration of PCBs in soils from different depth.  
PCBs 123 and 189 were identified in only one sample from the total of 4 on each 
depth and their concentrations were 0.84 ng/g dw and 0.05 ng/g dw, respectively. In samples 
from 5 to 10 cm PCBs 77, 105, 123, 126, 153, 156, 157, 167, 169 and 180 were identified 
only in one sample out of 4. From the indicator PCBs, number 153, had a concentration of 
1.83 ng/g dw while from dioxin-like PCBs, PCB 77, had a higher concentration (2.69 ng/g 
dw) compared to the other dioxin-like PCBs identified only in one sample. In samples from 5 
– 10 cm PCB 189 was not identified. 
The highest concentrations in the two type of samples (0 – 5 and 5 – 10 cm) were 
observed for PCB 138 and the levels ranged between 0.01 – 4.41 ng/g dw for 0-5 cm samples, 
0.14 – 4.77 ng/g dw for 5-10 cm samples, respectively. 
Regarding the TEQ levels this ranged from 0.02 – 0.15 ng PCB-TEQ/g dw for 0-5 cm 
samples, and 0.001 – 0.22 ng PCB-TEQ/g dw for 5 – 10 cm samples. 
 
 
 
 
CONCLUSIONS 
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The sum of PCBs obtained from sites S1 and S2 (2.37 ng/g dw for S1 and 10,4 ng/g 
dw for S2), were almost similar with the concentrations found in rural samples from other 
regions of Romania (Covaci et. al., 2003, Dragan et. al., 2006). Comparing the results from 
the two sites, S1 presented lower concentrations of PCBs than S2, situation explained by the 
fact that site S1 is more isolated than site S2, which is also used as a grazing pasture and a 
football field. 
The sum of 17 PCBs in the surface layer (0 – 5 cm) from the two pasture lands ranged 
between 0.68 – 16.75 ng/g dw, while for the depth 5 – 10 cm concentrations ranged from 0.41 
– 22.29 ng/g dw. This decline of PCBs concentrations with depth in non-agricultural sites was 
also reported by Armitage et. al. (2006) who studied the levels and vertical distribution of 
PCBs in agricultural and natural soils from Sweden. 
Because for some congeners the normal levels were exceeded, especially in site S2, 
and because the land is used as a grazing pasture for farm animals, a monitoring system 
should be established for this contaminants in this parts of the country. 
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